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The results of a large series of determinations of calcium and inor- 
ganic  phosphorus  in  the  blood  of normal  rabbits  were  analyzed  in 
previous papers (1, 2) from the standpoint of grouped material with a 
view  to  establishng  certain  basic  facts  concerning  the  amounts  of 
these substances in the blood, the relations that obtain, and the extent 
of  the  variations  that  occur  under  given  experimental  conditions. 
The  results have  been  analyzed  also with respect  to  the values ob- 
tained for consecutive examinations of a given group of animals  with 
especial reference to the occurrence of periodic and progressive varia- 
tions in the calcium and inorganic  phosphorus  content of the blood. 
This aspect of the investigation will be presented in the present paper. 
Material and Methods. 
The data used in this paper are derived from experiments which were 
described in detail  in the two preceding papers  (1, 2).  For present 
purposes, it is sufficient to say that we have used data from 5 groups 
of normal, male rabbits differing somewhat as to age, breed, the time 
covered by the observations, and the frequency with which blood ex- 
aminations  were  made.  The  pertinent features  of  the  experiments 
may be summarized as follows: 
Group  No. of  animals 
I 
II 
III 
IV 
V 
10 
5 
10 
11 
111 
NO. of 
examinations 
216 
85 
143 
153 
111 
Observation  period 
Oct. 8, 1926, to May 18, 1927 
Dec. 1, 1926, to June 8, 1927 
Jan. 14, to July 1, 1927 
Mar. 11, to July 1, 1927 
Oct. 8, 1926, to June 8, 1927 
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Between October 8, 1926, and July 1, 1927, determinations of calcium 
and inorganic phosphorus were made on 708 samples of blood from 147 
rabbits.  Group V  was composed of 8  subgroups  (2), the animals of 
which were  examined only once;  the  other animals  were  examined 
repeatedly. 
RESULTS. 
The results are presented in the form of tabulated summaries and a 
series of text-figures.  Tables I  to VI give the actual values obtained 
for successive determinations of calcium and inorganic phosphorus as 
well  as  the  relations  between  the  two  substances.  The  curves  in 
Text-figs.  1  to  9  represent values that  have been smoothed by  the 
A+2B+C 
formula 
4 
TABLE  I. 
Group l.  Values for Consecutive Determinations. 
Calcium  Inorganic  phosphorus 
Date 
Oct.  8 
"  15 
"  21 
"  29 
Nov.  5 
"  12 
"  19 
"  26 
Dec.  3 
"  10 
"  17 
"  31 
Jan.  14 
"  28 
Feb.  11 
"  25 
Mar.  11 
"  25 
Apr.  8 
"  22 
May  4 
"  18 
Mean  Standard  Coefficient 
of  Mean 
deviation  variation 
rag. ~er 100 ec.  rag.  :  rag. per 100 ~c. 
13.74  4-  .198  0.93  5.18  4-  .189 
13.22  4-  .215  1.01  4.55  4-  .098 
15.39  4-  .247  1.16  4.23  4-  .168 
15.15  4-  .215  1.01  4.15  4-  .087 
16.07  4-  .363  1.70  4.77  4-  .141 
13.94  4-  .26  1.22  5.02  4-  .115 
15.16  4-  .133  0.62  4.98  4-  .109 
14.64  4-  .211  0.99  4.70  4-  .115 
15.19  4-  .294  1.38  4.52  4-  .094 
15.48  4-  .136  0.64  4.26  4-  .094 
15.48  4-  .198  0.93  4.10  4-  .147 
15.90  4-  .094  0.44  4.56  4-  .070 
15.4  4-  .100  0.47  4.35  4-  .113 
16.9  4-  .209  0.98  3.94  4-  .060 
15.3  4-  .149  0.70  4.14  4-  .062 
15.6  4-  .122  0.57  4.15  4-  .092 
15.8  4-  .108  0.51  3.89  4-  .049 
15.6  4-  .109  0.51  3.84  4-  .045 
15.3  4-  .173'  0.81  3.75  4-  .100 
15.7  4-  .207  0.92  3.43  4-  .065 
15.5  4-  .119  0.53  3.25  4-  .063 
17.6  -4-  .119  0.53  3.95  4-  .047 
Standard 
deviation 
mg. 
0.89 
0.46 
0.79 
0.41 
0.66 
0.54 
0.51 
0.54 
0.44 
0.44 
0.69 
0.33 
0.53 
0.28 
0.29 
0.43 
0.23 
0.21 
0.47 
0.29 
0.28 
0.21 
Coefficienl 
of 
variation 
~er ~| 
17.18 
10.11 
18.68 
9.88 
13.84 
10.76 
10.24 
11.49 
9, 73 
10.33 
16.83 
7.24 
12.18 
7.11 
7.00 
10.36 
5.91 
5.47 
12.53 
8.45 
8.62 
5.32 TABLE  II. 
Group II.  Values for Consecutive Determinations. 
Date 
Mean 
rag. per I00 ¢c. 
Dec.  1  13.9  ±  .368 
Jan.  5  15.3  4-  .244 
"  19  15.6  4-  .184 
Feb.  4  17.2  -4-  .235 
"  11"  16.6  4-  .965 
"  16  15.4  4-  .201 
"  28  15.6  4-  .253 
Mar.  2  15.0  4-  .214 
"  9  14.7  ±  .362 
"  16  14.8  4-  .193 
"  23  14.8  4-  .089 
Apr.  6  15.5  4-  .187 
May  4  15.4  -4-  .259 
"  6  15.2  4-  .193 
"  11  17.0  +  .274 
"  25  16.6  4-  .145 
June  8  15.8  4-  .259 
Calcium  Inorganic phosphorus 
Mean  i 
mg. 
0.82 
0.81 
0.61 
0.78 
3.20 
0.67 
0.84 
0.71 
1.20 
0.64 
0.30 
0.62 
0.86 
0.64 
0.91 
0.48 
0.86 
Standard 
deviation 
rag. per 100 co. 
3.83  4-  .084 
5.03  4-  . 133 
4.66  4-  .056 
4.38  4-  .118 
4.41  4-  .103 
4.32  4-  .133 
3.85  4-  .045 
4.07  4-  .021 
4.10  4-. 130 
3.64  4-  .078 
3.72  4-  .066 
4.53  4-  .181 
3.87  4-  .118 
4.21  4-  .072 
3.90  ±  .075 
3.76  ±  .094 
3.61  4-  .115 
Coefficient 
of 
variation 
~er Ce~t 
7.23 
8.75 
3.99 
8.90 
7.71 
10.19 
3.89 
1.74 
10.49 
7.14 
5.91 
13.25 
I0.08 
5.70 
6.41 
8.24 
10.53 
* This group contained one value 22.8 and another 13.8. 
TABLE  III. 
Group IIL  Values for Conseoulive Deg~rrainatiom. 
Date 
Mean 
rag. per 100 co. 
Jan.  14  14.8  4-  . 181 
"  26  16.3  4-  .256 
Feb.  9  15.0  4-  .122 
"  18  15.3  4-  .151 
Mar.  4  15.2  4-  .159 
"  18  15.3  -4-  .119 
"  30  14.8  +  .119 
Apr.  13  14.8  4-  . 109 
"  27  14.9  4-  .109 
May 11  16.4  4-  .143 
"  25  16.3  4-  .128 
June  8  16.6  4-  .119 
"  17  17.1  4-  .267 
July  1  17.4  -4-  .122 
Sept. 15  14.9  -4-  . 186 
Oct.  19  15.0  4-  .256 
Calcium  [  Inorganic phosphorus 
Standard  [ Coefficient i 
deviation  __vafi°:ti°n 
I  per c~  I 
6.01 
Mean 
mg. 
0.89 
1.26 
0.57 
0.71 
0.78 
0.56 
0.56 
0.51 
0.51 
0.67 
0.60 
0.56 
1.25 
0.57 
0.87 
1.20 
7.73 
3.80 
4.64 
5.13 
3.66 
3.78 
3.45 
3.42 
4.09 
3.68 
3.37 
7.31 
3.28 
5.84 
7.55 
rag. per 100 co. 
5.75  -4-. 104 
5.24  -4-  .112 
5.33  4-  .113 
5.13  -4-  .087 
4.74  4-  .083 
4.85  4-  .088 
5.11  -4-  .094 
4.44  4-  .092 
4.34  4-4- .079 
4.17  -4-  .115 
3.93  4-  .111 
3.70  4-  .094 
4.29  4-  .092 
4.28  4-. 107 
4.24  4-  . i00 
3.99  4-  .109 
tanda: d  Coei~ient 
eviati¢  ,n  of  variation 
rag.  #er ¢,¢nl 
0.51  8.87 
0.55  10.50 
0.53  9.94 
0.41  7.99 
0.41  8.65 
0.39  8.04 
0.44  8.61 
0.43  9.68 
0.37  8.53 
0.54  12.95 
0.52  13.23 
0.44  11.89 
0.43  10.02 
0.50  11.68 
0.47  11.08 
0.51  12.78 
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TABLE  IV. 
Group IV.  Values/or Consecutive Determinations. 
III 
C  Inorganic phosphorus 
Date 
Mar. 11 
"  18 
"  25 
Apr.  1 
"  8 
"  15 
"  22 
"  29 
May  6 
"  13 
"  25 
June  8 
"  17 
July  1 
Sept. 15 
Oct.  25 
Mean  Mean 
rag. per 100 co. 
15.2  4.  .195 
15.1  ±  .110 
14.9  4-  .087 
15.2  +  .115 
15.5  ±  .110 
15.3  ±  .122 
15.0  ±  .117 
15.2  4.  .230 
15.6  ±  .159 
16.2  4.  .106 
17.0  ±  .146 
16.8  ±  .120 
17.6  ±  .191 
17.2  ±  .068 
15.4  ±  .195 
15.2  4.  .147 
rag. per 100 co, 
5.90  4.  .126 
5.55  ±  .112 
6.23  4.  .094 
5.84  ±  .126 
5.01  4.  .100 
4.48  -4-  .087 
4.93  ±.  107 
4.71  ±  .087 
4.61  ±.  107 
4.51  -4-  .122 
4.58  ±  .075 
4.10  ±  .075 
4.57  ±  .069 
4.42  ±  .106 
4.39  ±  .073 
4.28  ±  .075 
tandar 
eviatio 
mg. 
O. 62 
0.55 
0.46 
0.62 
0.49 
0.43 
O. 53 
0.43 
O. 53 
O. 60 
0.35 
0.37 
0.34 
0.52 
0.36 
0.35 
Coefficient 
of 
variation 
~rc~t 
10.51 
9.91 
7.38 
10.62 
9.78 
9.60 
10.67 
9.13 
11.39 
13.30 
7.64 
9.02 
7.66 
11.77 
8.20 
10.51 
TABLE  V. 
Group. V.  Values for Consecutive Monthly Groups. 
Calcium  Inorganic phosphorus 
Date 
Oct.  8 
Nov. 17 
Jan. 7-14 
Feb.  4 
Mar. 11 
Apr.  29 
May 25 
June  8 
I  Standard 
Mean  deviat ion 
rag. per 100 cc.  rag. 
13.7  4.  . 198  0.93 
14.7  4.  .066  0.31 
15.3  4.  .169  1.15 
17.5  ±  .097  0.48 
15.0  ±  .128  1.08 
15.1  ±  .155  0.73 
16.2  4-  .200  0.89 
17.5  -4-  .230  0.97 
Coefficient 
of 
variation 
t~er cent 
6.79 
2.11 
7.52 
2.74 
7.20 
4.83 
5.49 
5.53 
Mean 
rag. per 100 co. 
5.18  4-  .189 
5.22  ±  .124 
5.06  4.  .135 
5.33  ±  .146 
5.48  4-  .108 
5.53  +  .068 
5.81  4-  .245 
5.92  -4-  .136 
Standard 
deviation 
mg. 
0.89 
0.58 
0.92 
0.72 
0.91 
0.32 
1.09 
0.57 
Coefficient 
of 
variation 
~er~ent 
17.18 
11.11 
18.18 
13.51 
16.61 
5.77 
18.76 
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TABLE  VI. 
Group  Means for  Consecutive  Determinations: Sum,  Product,  Calcium-Inorganic 
Phosphorus Ratio, Product-Sum Ratio, and Sum of Both Ratios. 
Group 
II 
Date 
Oct.  8 
"  15 
"  21 
"  29 
Nov.  5 
"  12 
"  19 
"  26 
Dec.  3 
"  10 
"  17 
"  31 
Jan.  14 
"  28 
Feb.  11 
"  25 
Mar. 11 
"  25 
Apr.  8 
"  22 
May  5 
"  18 
Dec.  1 
Jan.  5 
"  19 
Feb.  4 
"  11 
"  16 
"  28 
Mar.  2 
"  9 
"  16 
"  23 
Apr.  6 
May  4 
"  6 
"  11 
"  25 
June  8 
Sum 
18.9 
17.8 
19.6 
19.3 
21.2 
19.0 
20.1 
19.3 
19.7 
19.7 
19.6 
20.5 
19.8 
20.9 
19.4 
19.7 
19.7 
19.5 
19.0 
19.1 
18.8 
21.8 
17.8 
20.3 
20.2 
21.6 
21.0 
19.7 
19.4 
19.0 
18.8 
18.4 
18.5 
20.0 
19.3 
19.4 
20.9 
20.4 
19.4 
Product 
71.2 
60.2 
65.1 
62.9 
78.3 
70.O 
75.5 
68.8 
68.7 
65.9 
63.5 
72.5 
67.1 
66.6 
63.2 
64.7 
61.3 
60.1 
57.2 
53.9 
50.4 
70.3 
53.4 
77.0 
72.5 
75.5 
72.3 
66.4 
59.9 
60.9 
60.2 
53.7 
54.9 
70.0 
59.7 
64.1 
66.2 
62.4 
56.9 
Calcium-  Product- 
phosphorus  sum ratio 
ratio 
2.65 
2.91 
3.64 
3.65 
3.44 
2.77 
3.04 
3.12 
3.36 
3.63 
3.77 
3.48 
3.54 
4.29 
3.68 
3.75 
4.01 
4.09 
4.07 
4.58 
4.77 
4.51 
3.64 
3.04 
3.34 
3.93 
3.72 
3.55 
4.04 
3.67 
3.58 
4.06 
3.96 
3.41 
3.98 
3.62 
4.35 
4.41 
4.36 
3.76 
3.39 
3.32 
3.26 
3.70 
3.69 
3.75 
3.56 
3.49 
3.34 
3.24 
3.54 
3.39 
3.19 
3.26 
3.28 
3.12 
3.08 
3.01 
2.82 
2.68 
3.22 
3.00 
3.78 
3.58 
3.49 
3.44 
3.37 
3.09 
3.19 
3.20 
2.92 
2.97 
3.50 
3.09 
3.29 
3.17 
3.06 
2.93 
sum of two 
ratios 
6.41 
6.30 
6.96 
6.91 
7.14 
6.46 
6.79 
6.68 
6.85 
6.97 
7.01 
7.02 
6.93 
7.48 
6.94 
7.03 
7.13 
7.17 
7.08 
7.40 
7.45 
7.73 
6.64 
6.82 
6.92 
7.42 
7.16 
6.92 
7.13 
6.86 
6.78 
6.98 
6.93 
6.91 
7.07 
6.91 
7.52 
7.47 
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TABLE  vI---Concluded. 
Group  ]  Date 
III  Jan.  14 
"  26 
Feb.  9 
"  18 
Mar.  4 
"  18 
"  30 
Apr.  13 
"  27 
May II 
"  25 
June  8 
"  17 
July  1 
Sept. 15 
IV  Mar. 11 
"  18 
"  25 
Apr.  1 
"  8 
"  15 
"  22 
"  29 
May  6 
"  13 
"  25 
June  8 
"  17 
July  1 
Sept. 15 
V  Oct.  8 
Nov. 17 
Jan.  12 
Feb.  4 
Mar. 11 
Apr.  29 
May 25 
June  8 
Sum 
20.6 
21.5 
20.3 
20.4 
19.9 
20.2 
19.9 
19.2 
19.2 
20.6 
20.2 
20.3 
21.4 
21.7 
19.1 
21.0 
20.7 
21.1 
21.0 
20.5 
19.8 
19.9 
19.9 
20.2 
20.7 
21.6 
20.9 
22.2 
21.6 
19.8 
18.9 
19.9 
20.3 
22.9 
20.5 
20.4 
22.0 
23.5 
Product 
85.1 
85.4 
80.0 
78.5 
. 72.0 
74.2 
75.6 
65.7 
64.7 
68.4 
64.1 
61.4 
73.4 
74.5 
63.2 
89.7 
83.5 
92.6 
88.5 
77.7 
68.5 
74.0 
71.9 
71.8 
72.9 
77.9 
68.9 
80.4 
76.0 
67.6 
71.5 
76.4 
76.9 
93.5 
82.0 
83.0 
93.6 
104.0 
Calcium- 
phosphorus 
ratio 
2.57 
3.11 
2.81 
2.98 
3.21 
3.15 
2.90 
3.33 
3.43 
3.93 
4.15 
4.49 
3.99 
4.07 
3.51 
2.58 
2.71 
2.38 
2.60 
3.09 
3.41 
3.05 
3.23 
3.38 
3.58 
3.71 
4.10 
3.85 
3.89 
3.51 
2.72 
2.84 
3.14 
3.35 
2.82 
2.84 
2.90 
2.98 
Product- 
sum ratio 
4.13 
3.97 
3.94 
3.85 
3.62 
3.67 
3.80 
3.42 
3.37 
3.32 
3.17 
3.02 
3.43 
3.43 
3.31 
4.25 
4.05 
4.39 
4.21 
3.79 
3.46 
i  3.71 
3.60 
3.55 
3.52 
I  3.61  ! 
!  3.30 
3.62 
3.52 
3.41 
3.74 
3.84 
3.76 
4.07 
3.98 
4.06 
4.11 
4.41  I 
Sum of  two 
ratios 
6.70 
7.08 
6.75 
6.83 
6.83 
6.82 
6.70 
6.75 
6.80 
7.25 
7.32 
7.51 
7.42 
7.50 
6.82 
6.83 
6.76 
6.77 
6.81 
6.88 
6.87 
6.76 
6.83 
6.93 
7.10 
7.32 
7.40 
7.47 
7.41 
6.92 
6.46 
6.68 
6.90 
7.42 
6.80 
6.89 
7.01 
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DISCUSSIO~ AND  CONCLUSIONS. 
An examination of the figures given in Tables I to VI and the curves 
in Text-figs.  1 to  9  shows at once that both the absolute values for 
calcium and inorganic phosphorus  and the relative amounts of these 
substances exhibited an interesting series of variations in  all of the 
animals  studied.  The  changes observed in  different groups of  ani- 
mals were not identical, but there were certain general features that 
were common to all, as may be seen by comparing the curves in Text- 
figs.  1 to 9.  The course of events is more difficult to follow from the 
tabulated results. 
In practically all instances, there are variations of two types.  One 
of these is progressive in character and represents a gradual changeof 
values from a  lower to  a  higher, or from a  higher to  a  lower level. 
This gradual change of level is accompanied in some instances  by a 
clearly defined series of periodic variations, the positive and negative 
phases of which extend over periods of several weeks or months.  In 
other cases, clearly defined periodic increases are absent, but the grad- 
ual change in level is marked by periods of stabilization  at  a  given 
level, or by a  temporary increase or decrease in the  rate  of  change. 
The tabulated results show, however, that neither of these conditions 
represents a  continuous movement in a given direction, but that the 
periodic variation is itself produced by a succession of pendulum-like 
fluctuations.  Moreover, it will be seen that, to some extent, the pro- 
gressive increase or decrease in values is in reality a long period varia- 
tion as the high or low levels are not maintained indefinitely.  This is 
particularly true of calcium as may be seen by reference to  the tables 
and text-figures for Groups III and IV  (Tables III and IV and Text- 
fig. 1). 
From  October until  July,  the general trend  of  calcium values  is 
slightly upward  (Tables  I  to  V  and Text-fig.  1).  The outstanding 
feature of the condition shown by blood calcium is, however, the occur- 
rence of a  series of periodic increases and decreases.  From October 
to December, 1926, consecutive observations were made on only one 
group  of  animals  (Group  I).  These  showed  a  gradual  increase in 
calcium which reached a  maximum about the last of October or the 
first of November (Table I  and Text-fig.  1).  This increase was fol- WADE  H.  BROWN  651 
lowed by a decrease which was succeeded in turn by a gradual and pro- 
longed rise, terminating in a second maximum toward the end of Janu- 
ary, 1927.  A gradual fall in calcium then began  and  continued well 
into April.  There was a suggestion of a secondary rise at  the end of 
February  and  the first of March,  but  the  third definite period of 
increase did not begin until the end of April or the first of May. 
The variations in calcium shown by other groups of animals differed 
mainly with respect to the general level and the exact time of occur- 
rence of maximum and minimum values.  The conditions shown by 
Groups III and IV compare favorably with those of Group I  (Tables 
III and IV and Text-fig. 1).  The results for Groups III and IV are 
of especial interest in that they show that the period of increasing cal- 
cium which began in April or May continued through June, reaching 
a very high value on July 1.  Unfortunately, no observations could be 
made on these animals during July and August, but by the middle of 
September, their calcium had again fallen to a point slightly belowthe 
mean normal level (15.6 rag.) or to values comparable with those for 
the preceding April and early May. 
The interesting feature of the results for Group II is the extent of 
the variations shown (Table II and Text-fig. 1).  The January-Febru- 
ary maximum was considerably higher than that of Group I, while the 
March  minimum was  much lower.  Moreover,  the  succeeding rise 
began while the calcium in the blood of other animals was still falling 
and well in advance of the rise in other groups. 
Comparing the results for consecutive observations on animals caged 
in the laboratory (Groups I to IV) with those for animals examined as 
they were received from the dealer (Group V), it will be seen that, while 
the two sets of results agree with respect to the form of the variations, 
there is an interesting difference in the magnitude of the variations 
shown.  In recently acquired animals, maximum values tended to be 
higher and minimum values lower, which suggests that the calcium 
content of the blood is subject to greater variation among animals liv- 
ing out of doors than among those caged in the laboratory. 
The smoothed curves give the impression of a continuous or unin- 
terrupted movement in a given direction which, with due allowance for 
technical inaccuracies  and  chance errors,  is  probably  incorrect.  A 
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ability, the prolonged rise and fall was accomplished by a  series of 
short pendulum-like fluctuations with the general level rising or falling, 
as the case might be.  This applies not only to calcium, but to all other 
values. 
The situation presented by inorganic phosphorus is distinctly differ- 
ent from that of calcium (Tables I  to  V and Text-fig. 2).  The strik- 
ing feature of the results obtained for animals living under laboratory 
conditions is a  marked and  progressive decrease  in inorganic phos- 
phorus (Text-fig. 2); this is in sharp contrast with results for animals 
examined as they were received from the dealer.  Available data for 
recently acquired animals show little or no change in inorganic phos- 
phorus until January or February.  There is a suggestion of a decrease 
in January and of a beginning rise in February.  This rise was, how= 
ever,  comparatively sl/ght and  virtually  ceased during March  and 
April, to be resumed and continued through May and June. 
Among the animals living under laboratory  conditions, there are 
several features of the results that appear to be significant.  Of these, 
the progressive decrease in inorganic phosphorus is most evident.  It 
will be noted also that the results for each group of animals occupy 
a  different level with comparatively little overlapping, and that the 
levels of successive groups rise in somewhat the same manner as the 
results for recently acquired animals examined at corresponding times 
(Text-fig. 2).  Moreover, while all animals show a  decrease in inor- 
ganic phosphorus, it will be seen that both the rate and extent of the 
decrease varied in different groups, and that in no case did the reduc- 
tion proceed uninterrupted or at a uniform rate.  In fact, each of the 
4 groups of animals showed one or more periods during which the de- 
crease in phosphorus ceased or gave place to an actual increase.  This 
may be brought out by an analysis of the course of events in a  given 
group of animals. 
During November, the animals of Group I  showed an abrupt in- 
crease in inorganic phosphorus extending over a period of 2 to 3 weeks 
with a return to the previous level about the first of December.  This 
change coincided with a  decrease and a  subsequent rise in calcium. 
For 3 months thereafter, the decrease in phosphorus was comparatively 
slight, but during March and April it diminished at a more rapid rate, 
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on these animals gave a value that was higher than any that had been 
obtained since February which suggests that the phosphorus  was again 
on the point of increase. 
The distinctive feature of the results obtained for Group II is the 
marked  decrease  in  inorganic phosphorus between  January  5  and 
March  16,  and  the  subsequent  increase  during  March  and  April. 
In this instance, the change in inorganic phosphorus coincided with 
like changes in the calcium content of the blood. 
The results for Groups III and IV show conditions that are again 
different.  In the case of Group III, there was a reduction in inorganic 
phosphorus during the first 6 or 7 weeks; this was followed by an in- 
crease during March  (Table III)  and a  second decrease which con- 
tinued into June and was succeeded by a slight rise toward the end of 
June and the first of July.  The striki~ng feature of the change noted in 
Group IV is the marked reduction in inorganic phosphorus during the 
first 2 weeks of April.  From this point on, the results compare favor- 
ably with those for Group III. 
Considered as  a  whole,  the  results  for  inorganic phosphorus are 
somewhat confusing, due to the lack of agreement between recently 
acquired  stocks and  animals living under laboratory conditions, as 
well as to differences in the behavior of animals placed under observa- 
tion at different times.  Still, there is considerable evidence toshow 
that inorganic phosphorus is subject to the action of influences which 
tend to raise or lower the level, as in the case of calcium, but these 
influences do not operate in precisely the same manner on animals con- 
fined in the laboratory and on those living out of doors.  It is impor- 
tant to note that the change from outdoor to indoor life appears to be 
sufficient in most cases to initiate a decrease in the phosphorus content 
of the blood.  In some instances, the immediate effect may be very 
slight, or even in the opposite direction, due perhaps to the fact that 
indoor conditions do not differ materially from those to  which the 
animal has been accustomed (Group I); but, in other instances, the 
decrease  in  phosphorus may  be  marked  (Group  IV).  Under such 
circumstances, the action of factors tending to increase the inorganic 
phosphorus of the blood may be completely obscured or accomplish 
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ilization at a given level, such as occurred at several points  in  these 
experiments. 
While it is reasonably certain that periodic variations in the trend 
of inorganic phosphorus occurred, definite movements can not be traced 
with the same degree of certainty as in the case of calcium.  The indi- 
cations are that there was a tendency toward lower values for animals 
of a given age, during the late fall and early winter months which was 
succeeded by  a  rise in  January  or  February.  The  condition  that 
prevailed during March and April is even more obscure, as some ani- 
mals showed an accentuation of the decrease in inorganic phosphorus 
while others maintained a  fairly high level.  During May the trend 
was downward, and the final rise did not begin until June. 
Applying the same principles of analyses to the values obtained for 
the sum and the product of calcium and inorganic phosphorus (Table 
VI and Text-figs. 3 and 4), it will be seen that, in general, these Values 
reflect the variations shown by calcium and phosphorus respectively. 
This is particularly true of the sum, but the product shows a series of 
variations that is more clearly defined than those of phosphorus.  In 
this case, the results obtained for recently acquired animals are of es- 
pecial interest as they show a high value for February followed by much 
lower values for March and April and high values for May and June. 
In this respect, the results are in close agreement with those for calcium 
and for the sum of calcium and phosphorus. 
The results for the ratio of calcium to inorganic phosphorus (Table 
VI and Text-fig. 5) disclose a  condition that is almost the reverse of 
that shown by inorganic phosphorus.  The general trend of values for 
all animals caged in  the laboratory is upward, but variations in the 
absolute  amounts of both  calcium and  phosphorus  are  reflected in 
these values. 
Calcium-phosphorus  ratio  values  for  recently  acquired  animals 
show a  gradual increase from October to  February with  a  decided 
drop during March and April and a second slight rise during May and 
June.  Animals in the laboratory show essentially the same conditions, 
if we disregard minor fluctuations.  The chief difference between the 
two sets of values is that animals under continuous observation do not 
show a  decided reduction in  the ratio  values for March and April, 
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marked increase when the curve again turns upward.  From observa- 
tions on 2 groups of animals (Groups III and IV), it was found that the 
high values attained during this period of increase were eventually 
succeeded by a decrease.  It is thus seen that, despite the progressive 
decrease in inorganic phosphorus, there is evidence of the occurrence of 
distinct periodic variations in the calcium-phosphorus equilibrium. 
As a rule, the ratio of the product to the sum shows an inverse rela- 
tion to the calcium-phosphorus ratio, and the sum or mean of the two 
values varies within very narrow limits or is virtually constant for a 
given  set  of  conditions  (1).  An  interesting exception to  this  rule 
is shown by the group of recently acquired  animals  (Table  VI  and 
Text-figs. 6 and 7).  In this instance, it will be seen that the relation 
between values for the product-sum ratio and the calcium-phosphorus 
ratio  is  direct  and  not inverse.  But,  despite  this  difference,  the 
quantitative relations are in close agreement with values obtained by 
repeated examination of given groups of animals, and  these  results 
give further evidence of the same series of periodic variations as was 
found by analysis of other values (Text-fig. 7). 
The series of variations described above are, on the whole, so deafly 
shown by the curves that it would hardly seem necessary to resort to 
detailed statistical methods to  determine whether variations of the 
order indicated represent actual differences in values or are within the 
range of probable variation due to random sampling.  It is obvious 
that when a given change occurs gradually and by a series of pendulum- 
like swings, as in the present instance, nothing of importance can be 
learned  by  a  comparison of successive values  unless each value  is 
based on a large series of observations.  On the other hand, something 
may be gained by comparing values for given periods which represent 
a  general trend or opposite phases of a  supposed variation.  A  few 
comparisons of this kind will serve to indicate the probable significance 
of the results as  a  whole. 
As the first example, we may compare the results obtained for cal- 
cium on Group I from November 12 to December 3 inclusive with those 
of December 17 to January 28  (Table I  and Text-fig. 1).  The mean 
values of all observations for these periods are 14.7  4-  .128 and 15.9 
4-  .099 mg. respectively.  As the  difference of 1.2  4-  .16 mg. is 7.5 656  CALCIUM  AND  INORGANIC  PHOSPHORUS  IN  BLOOD.  III 
times its probable error, it is certain that the difference between the 
values obtained for the two periods is significant. 
There  are  even  greater  differences between  results  obtained  for 
other groups during March and April, which in general represented a 
period of low calcium, and May, June, and July when the calcium rose 
to a much higher level.  In the case of Group III, the mean value of 
all determinations from March 4 to  April 27 inclusive is 15.0  4- .062 
rag. and for May 11 to July 1, 16.7  4- .082 rag. which gives  a  differ- 
ence of 1.7 4- .10.  This difference is 17 times its probable error.  The 
results for Group IV, comparing values for March 11 to April 1, and 
May 25 to July 1, are 15.1 4- .068 and 17.1 4- .073 mg. with a differ- 
ence of 2.0  4-  .10, which is 20 times its probable error.  The March 
and April values for Group V give a mean of 15.0  4-  .104  while  the 
mean for May and June is 16.8  4- .180.  In this case the difference of 
1.8  4- .21 is 8.57 times the probable error. 
Added significance is given to these results by the close agreement of 
the values obtained for different groups of animals at corresponding 
periods, as shown by the following tabulation of calcium values: 
Group  Period of  low  values  Period of  high  values 
III  15.0  q-  .062  16.7  :~  .082 
IV  15.1  !  .068  17.1  :e  .073 
V  15.0  4-  .104  16.8  4-  .180 
Less can be gained by a statistical analysis of the results for inorganic 
phosphorus.  The  progressive  reduction  in  inorganic  phosphorus 
among animals living under laboratory conditions is so evident that 
no further proof of the validity of this change is necessary.  There are, 
however, a few instances in which a presumptive increase in inorganic 
phosphorus occurred in the course of the general downward movement, 
and the data bearing on these changes may be examined more criti- 
cally.  One of the best illustrations of a change of this kind is furnished 
by the increase in inorganic phosphorus which occurred in the animals 
of  Group  I  during the middle of November.  The observations for 
October 21 and 29give a mean of 4.19 4- .099 rag. and those of Novem- 
ber  12  and  19,  5.00  4-  .078  rag.  This difference is 6.43  times  its 
probable error (.81  4-  .126)  and hence is definitely significant. WADE H.  BSOWN  657 
An  analogous  increase  in  inorganic  phosphorus  occurred  in  the 
animals of Group II between April 6 and May 11.  The mean value 
for this period was 4.13  4- .075 mg. as compared with a mean of 3.88 
4- .056 for March.  As this difference (0.25  4- .09) is only 2.78  times 
its probable error, it may not be significant, but probably is. 
A  comparison of the values obtained for Group III on May 25 and 
June 8 with those for June  17 and July 1 gives a  difference (0.48  4- 
.10) that is 4.8 times its probable error, and the October and November 
results for Group V  compared with values for May and June  give  a 
difference (0.66  4-  .18)  that is 3.66 times the probable error.  It is 
evident,  therefore, that  even  in  the  case  of  inorganic phosphorus, 
there were instances in which a  significant reversal of the dominant 
trend  occurred. 
Statistical comparisons of the results obtained for various measures 
of the relation between calcium and phosphorus have not been worked 
out in detail as it is evident that essentially the same situation obtains 
as in the case of calcium and phosphorus. 
In this  connection, however, some reference may be made to the 
degree of variation shown by the results obtained for individual ani- 
mals at any given time as indicated by the  coefficients of variation. 
With few exceptions, the coefficients of variation (Tables I  to VI and 
Text-figs. 8 and 9) for consecutive determinations of both calcium and 
inorganic phosphorus are smaller than those for all observations on a 
given group of animals (1, 2) and they tend to diminish with successive 
observations.  This, of course, indicates that the variation shown by 
the animals of a group at a particular time is less than that shown by 
the group during the course of the experiment and that group results 
tend to become more and more uniform. 
There  is,  however,  an  evident  relation between the variation of 
mean values and the magnitude of the coefficients.  In general, it may 
be said that, so long as mean values remain comparatively constant, 
the coefficient of variation tends to  be  small, but the occurrence of 
either a  decided increase or decrease in mean values is usually asso- 
dated with an increase in the coefficient of variation.  If the change 
in  mean  values  is  gradual  and continuous,  the  coefficient tends  to 
diminish until the magnitude of the mean values approaches the ex- 
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more, while exceptionally high or low values may have a large coeffid- 
ent of variation, it will be seen, by reference to Tables I  to V, that if a 
high or low value is maintained, the coefficient is usually small.  This 
is especially true of calcium. 
From what has been said, it will be seen that there is no inherent 
relation between the magnitude of a mean value with respect to normal 
and its  coefficient of variation.  The relation  found is one that in- 
dicates the occurrence of change, and in this sense the coefficient of 
variation  becomes  a  valuable  index of  the  stability  of  the  animal 
organism with respect to particular conditions.  Thus,  a large coef- 
ficient or an increase in the coefficient of variation for a  given  series 
of calcium determinations indicates not only an uncertainty as to the 
true mean value, but is clearly indicative of an unstable condition and 
suggests the probable occurrence of a change, while a small coefficient 
or  a  decrease in  the  coeffident implies  stability  and  uniformity of 
action. 
The most important  deduction to  be drawn from the analysis of 
these results with respect to  time, is that both the calcium and the 
inorganic  phosphorus  in  the  blood  of  normal  rabbits  are subject 
to progressive and periodic variations which effect not only the abso- 
lute but  the relative amounts,  or the equilibrium between the two 
substances which, within  the limits of normal,  is  probably of more 
importance than absolute amounts.  In like manner, periodic varia- 
tions are more important in the present connection, than progressive 
variations as they provide a better basis for a study of any relation that 
may exist between changes in the chemical composition of the blood 
and susceptibility to disease. 
The results reported agree with observations originally made by Hess 
and Lundagen (3) on calcium and inorganic phosphorus in the blood of 
infants and young children and  with  the results obtained  by Grant 
and Gates (4) for calcium in the blood of normal rabbits, in so far as 
the occurrence of variations in one or the other of these substances is 
concerned.  There are, however, certain differences.  The variations 
found by Hess and Lundagen were confined largely to inorganic phos- 
phorus, and no significant variations were found in adults.  Moreover, 
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which was followed by a  rise during May and June producing what 
was termed by them a seasonal tide. 
In  the experiments of Grant and  Gates,  the results for inorganic 
phosphorus were not analyzed.  The highest values for calcium were 
obtained in May and November and the lowest in January, but  no 
results were reported for February, June, July, or August. 
In the experiments reported above, periodic variations  were more 
clearly defined in the case of calcium than inorganic phosphorus,  but 
the results differ from those of Grant  and  Gates  as to  the  time  of 
occurrence of maximum and minimum values.  The results for inor- 
ganic phosphorus are more difficult to interpret, but it seems that for 
recently acquired stocks, the lowest value was obtained in January and 
that the increase began in February.  There was, however,  little  or 
no further increase during March and April, while the highest value 
was obtained in June.  Among animals living in the  laboratory,  no 
period of maximum or minimum values can be fixed for reasons which 
have been stated above.  In one case  (Group II)  a  clearly defined 
minimum occurred in March and this was succeeded by a definite rise; 
in other cases, the lowest values occurred in May and during the  1st 
week of June.  And these were succeeded by a slight rise. 
Differences such as those cited above may be of no particular  im- 
portance.  At any rate, there is no reason to assume that the course of 
events in man and animal should agree in all respects, or that variations 
in the calcium and inorganic phosphorus content of the blood of ani- 
mals should follow a  perfectly uniform course with respect to  time. 
On the contrary, from what is known concerning analogous variations 
in organic constitution (5) and susceptibility to disease (6), it is to be 
expected  that  both  the  time  of occurrence and  the  extent of  any 
change in the chemical composition of the blood would vary from year 
to year.  Moreover, it has been found that qualitative and quantita- 
tive differences will occur even among groups of animals that are under 
observation at the same time, so that one must reckon with variations 
in the response of animals, as well as with variations in the action of 
causative factors. 
The point to be emphasized is that systematic or orderly variations 
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it may be the calcium; in others, the phosphorus that is affected, or 
both  substances may be  affected in  varying degrees.  In  the final 
analysis, however, it is the effect of these changes on the  calcium- 
phosphorus equilibrium which concerns us most, and while various 
expressions of this relation may show greater or less change than either 
calcium or phosphorus, the relations do vary in much the same manner 
as the absolute amounts of the two substances. 
Periodic variations in blood calcium and inorganic phosphorus have 
been  referred to as seasonal variations.  Hess and Lundagen attrib- 
uted the increase and decrease of inorganic phosphorus in the blood 
of infants to changes in the available amount of ultra-violet radiation 
but they recognized the possibility that other factors might contribute 
to the production of these conditions.  There is abundant evidence to 
show that ultra-violet rays exercise a profound influence on the inor- 
garlic phosphorus content of the blood of both man and animals, and 
that certain phases of calcium metabolism are likewise  affected  but 
analogous effects can be produced by other means (dietary). 
The  results obtained in  these experiments could be  explained in 
part  as light effects.  This is particularly true of the changes that 
occurred in inorganic phosphorus.  On the assumption that the inor- 
ganic phosphorus in the blood is determined to a large extent by ultra- 
violet rays of short wave-length, one could account for the variations 
observed among animals living out of doors and for the progressive 
decrease that occurred when they were brought into the  laboratory 
and thus deprived of this type of radiation.  Among animals living in 
the laboratory, it would be difficult, however, to account for periodic 
increases in  inorganic phosphorus or  even variations  in  the rate of 
decrease as an effect of short wave-length ultra-violet radiation, and 
an explanation of the results obtained for calcium would be even more 
difficult. 
Increasing age and the inactivity incident to cage life  might  also 
account for a  part  of the progressive changes in both calcium and 
inorganic phosphorus, but not for periodic variations.  Moreover, as 
the rate of decrease in phosphorus, with respect to time, was decidedly 
irregular, it is not likely that  age and cage life  per  se  were  decisive 
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Progressive changes in the chemical composition of the blood  might 
be accounted for in various ways, but under the conditions of these 
experiments, no satisfactory explanation can be offered for the periodic 
variations.  It is evident that the occurrence of these changes is refer- 
able to some condition of life which varies roughly with  the  seasons 
and is capable of exerting its influence on animals living indoors as well 
as out of doors, but not necessarily to an equal degree or in precisely 
the same manner.  It is highly probable  that ultra-violet rays,  in a 
positive or negative way, played an important r61e in the production 
of the results reported, but it is practically certain that this was not 
the only factor concerned.  Stated in a  general way, it  may be said 
that, while a number of factors probably contributed to the production 
of the variations observed, the indications are that the light environ- 
ment, including visible as well as ultra-violet rays, played an important 
r61e. 
Determinations of calcium and inorganic phosphorus were made on 
the blood of 5 groups of normal animals over periods of 4 to 8 months. 
The material included animals from recently acquired stocks as well as 
animals that had been living under laboratory conditions for long peri- 
ods of time.  The results were analyzed with especial reference to the 
occurrence  of  periodic  and  progressive  variations  in  the  absolute 
amounts of calcium and inorganic phosphorus and the relations be- 
tween the two substances. 
It was found that, among animals living in the laboratory, both cal- 
cium and inorganic phosphorus, as well as all expressions of the equilib- 
rium between the two substances, exhibited a  definite tendency to  a 
progressive increase or decrease, as the case might be, and that clearly 
defined periodic variations occurred in all classes of animals.  The pro- 
gressive change was most marked in the case of inorganic phosphorus, 
the periodic change in the case of calcium, while both conditions were 
clearly shown by various expressions of the relation between calcium 
and inorganic phosphorus. 662  CALCIUM  AND  INORGANIC PItOSPI-IORUS IN  BLOOD.  III 
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